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(54) Path protection in an SDH network 



(57) An SDH (Synchronous Digital Hierarchy) telecommunications network comprises a plurality of 
interconnected nodes (1, 2, 3, 4), Working channels (5, 6) are defined between respective pairs of nodes (1, 2 
and 3, 4) with one common protection channel (7) serving a plurality of working channels (5, 6) such that in the 
event of a fault on a working channel traffic signals passing from a first node (3) to a second node (4) along 
that working channel (6) are swtched onto the protection channel (7). The first node (3) is then operative to 
transmit a channel trace signal along with the traffic signals which serves to identify the respective channel. 
The second node (4) Is operative to monitor for the pr^ence of a channel trace signal on the protection 
channel (7) for which rt is the terminating node and upon detection thereof to switch traffic signals associated 
with that trace signal on the protection channel (7) into the said second node (4) for connection to an onward 
destination. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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1 

TELECOMMUNICATIONS NETWORK INCLUDING A 
CHANNEL SWITCHING PROTECTION ARRANGEMENT 

This invention relates to a telecommunications n^ork including a channel switching 
5 protection arrangement and in particular relates to a way of identifying a chaimel, section, path 
or ttie like so fliat it can be switdied remotely m an SDH (Synchronous Digital Hierarchy) 
network. 

Conventionally in SDH the tran "section" is assodated with the physical links between 
10 adjacent nodes in a n^ork, while the term "path" is associated with a conununication link 
between a pair of nodes, wherever tiiey are located in tiie n^ork. Eadi section and path is 
uniquely identified in SDH by a socalled section or path trace signal respectively which has in 
die past been used as a means of dieddng that a tcaftic signal arriving at a particular node is the 
correct one and for raising an alarm signal if it is not As used within the spedficaticm the term 
15 "channd" will be used to describe dtiier a path or asection, the important factor bdngtiiat each 
charmel, path or section connecting a pair of nodes is uniquely identified by means of a trace 
signal. 

SDH, and the similar Nordi American SONET system, provide a number of protection 
20 strategies including Multiplex Section and Path Protection. These strategies provide an adequate 
means for supporting a 1+1 or 1:1 ardbitecture ^e. where one protection path or section serves 
one working path or section). HowevOT a 1:N ardiitecture (i.e. wha?e one proteoion path or 
section serves N working paths or sections) is of limited use in Multiplex Section Protection and 
is not provided for at all by Path Protection. 
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Multiplex Section Protection (MSP) provides a means of protecting the STM-N/STS-N 
signal against channel-associated failures within the multiplex section. A protocol is supported 
by the K1/K2 bytes and as such provides for either linear protection switching between two 
adjacrat sites or ring switdiing where the protection between two adjacent sites has also failed. 

5 

Path Itetection provides a means of protecting the VC-NATT-N signal against channel 
associated failure within the hig|ier-ords/lower-order path respectively . A protocol has been 
proposed that will support a 1+1 or 1:1 switching only and in its present form could never 
support a 1 :N architecture due to the vast amount of paths present at any one node and as such 
10 in the ratire network. 

I1iepxeseiitinvrationprovi&s,inoneaspect»atdeconmiunicatioiisn^oricoper^ — 
on the Synchronous Digital Hierarchy (SDH) which comprises a plurality of intaxxxnnected 
nodes, working channels being defined between respective pairs of nodes, one conmion 

15 protection diannel serving a plurality of working channels sudi that in the event of a &ult on 
a woiking channel traftic signals passing fiom a first node to a second node along that working 
channel are switched onto the protection channel, the first node being operative to transmit a ^ 
channel trace signal along with the traffic signals wbich serves to idmtify the respective diannel, ^ 
the second node being operative to monitor for the presence of a channd trace signal on a 

20 protection chaimel for which it is the tennmating node and upon d^ection th^^eof to switch 
traffic signals associated with that trace signal on the protection diannel into the said second 
node for connection to an onward destination. 

The present invention makes use of the channel trace signal, i.e. Section Trace JO - 
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previously CI in the Section OveAead) and Path Trace (Jl in the High Order Path Overhead, 
J2 in the Low Order Path Overhead) as a means of identifying channels and for initiating die 
switchmg of the traffic signals onto the protection channels. TTie channel trace signal does not 
need to take any special format save that it should be unique witiiin the network to a respective 
5 cAanneL Because in SDH a suitable sigpd is ab^ady provided for oth^ purposes this ni^ 

the invention can make use of currait standards and can tfierefore be implemented relatively 
easily. 

In a prefened embodimCTit tiie protection channel is in the form of a ring-shaped bi- 
10 directional channd, flie first node being optative m the event of a fault, to mitially transmit 
traffic signals in both directions around the ring, the second node bring optative to monitor 
each direction of tte dumnd and to select traffic signals ftom that direction conespondmg to 
the direction of die woridng channeL The workmg channel will normally be the shortest route 
between any connected pair of nodes and this allows the protection channel to be used 
15 effidendy. 

Preferably the second node is additionally operative to transmit a channel trace signal 
along die said direction for recdpt by die first node whidi is ttuNk op^ve to cease transmitting 
signals in the opposite way of said direction. 

20 

IWs allows a structure to be provided in which a large proportion of the protection 
diannd can be disconnected fiom die nodes being protected, and which is diereby available for 
protecting other channels in the n^orfc. 



Preferably the network is operative, when the protection channel is not being used for 
protective purposes to route low-priority traffic signals on the protection chaimel. 

In another aspect the invention provides, in a telecommunications netwoik operating on 
the Sychnronous Digital Hierardhy comprising a pluraliQ^ of int»xx>nnecced nodes, working 
channels bdng defined b^era respective pairs of nodes, one common protection channel bemg 
provided for a plurali^ of working diannels; a method of switching traffic signals onto the 
protection diannel upon detection of a fault in a working channel at a first node, conQ)rising; 
transmitting a channel trace signal onto the protection channel, vilddi trace signal serves to 
identify the working charmel; upon receipt at a second node of the trace signal on die protection 
cfaaimel, for which itis the t^minating ncKie, swttdiing traffic signals associated with that trace 
signal into the second node for coimection to an onward destination. 

In ord^ that the invention may be well understood an example of a Path Protection 
medianism will now be described witii refer^ce to the accompanying diagranmiatic drawings 
in which; 

Hgure 1 is a sdiematic view of a n^ork according to the invration before a foult 
condition has develof^ 



Figures 2 to 5 are the same as Hgure 1 except that various steps are illustrated after a 




condition has developed; and 



Rgure 6 illustrates the use of the network to route low priority traffic. 




Figure 1 shows a much simplified SDH telecommunications network including four 
nodes, or add-drop multiplexors 1, 2, 3, 4. Nodes 1 and 2 are interconnected by a bi-diiectional 
working path or charmel 5, while nodes 3 and 4 are connected by bi-directional working channel 
6. According to the invention a bi-diiectional protection path or diannel 7 is provided which 
in the exanq>le shown is of a closed ring shape and serves to interconnect all the nodes 1,2, 3, 
4 in the network and protect both working paths 5 and 6. The protection chaimel 7 is of a VC 
(Virtual Container) type such as a VC12 or VC3. The working paths 5, 6 arc of the same VC 
type as the protection ring 7. 

A discussion of the mechanism by which trafBc signals are switdied onto the protection 
charmel 7 follows lat^ on but below there is a descs^on of some of die features of the network 
which liable the switching actions to take place. As is well known in SDH. signals are 
transmitted in pack^ as virtual contains (VCs*). These contain bits whidi are assigned a 
vari^ of functions. In particular two automatic switdi initiation oiteria are provided at least 
one of which must be flagged before any switching action occurs onto the protection path 7. 
The two critoia are:- 

L Signal Fail (SF): Afrilureof die VC caused by AU/rUAIS,AUyTU LOP, VC 
EBER, VC Signal Label NBsmatdi, VC Path Trace Nfismatch or some other VC 
linked failure condition. 

2. Signal Degrade (SD): A failure of the VC caused by a BER (Bit Error Rate) 
exceeding a preselected threshold. 

A Wait to Restore period (WTR) of between 0-30 minutes is implemented in order to 



prevent chattering of the protection switch due to intermittent failure. Therefore the working 
path needs to be fault free for a designated period of time before the switch is released. 

The opraator of the networic at a Network Management Centre (not shown) is provided 
with the following operator selectable switch commands: 

1. Lockout of protection: This prevents any of the worker or low priority paths 
from accessing the protection ring. If any path is currently utilising the 
protection ring then this command shaU cause the traffic to switch back to the 
worker padL 

2. Forced switch to protection: This transfers die selected working path to the 
protection ring unless it is satisfying an equal or hig^^ priority request 

3. Manual switch to protection: This transfers the selected working pafli to the 
protection ring provided that it is fault free and not satisfying an equal or higher 
priority request 

4. Qean lliis clears the current operator entraed switch request 

Automatic Protection Switch (APS) byte definition (hmceforth referred to as K3) is also 
provided. Tlie APS byte consists of 6 bits and is transmitted on both the worker and protection 
paths although only the protection path is monitored for its receipt 

The Switch Request is operated by Bits 1-4: The switch request is assigned as indicated 
in Table 1 in descending order of priority. 
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Bits 


Condition 


Priority 


0000 


Lockout of protection 


Highest 


0001 


Forced switch to protection 




0010 


Signal fail high priority 




0011 


Signal fail low priority 




0100 


Signal degrade high priority 




0101 


Signal degrade low priority 




0110 


(Not used) 




0111 


Manual switch to protection 




1000 


(Not used) 




1001 


Wait to restore 




1010 


(Not used) 




1011 


(Not used) 




ilUU 






1101 


Rev^^ request 




1110 


Low Priority TrafBc 




1111 


No request 


Lowest 



Table 1 : APS Byte (bits 1-4) Switch Request Priority 

20 

TTie path that requests the switdi is indicated by the Path Trace (ie either Jl or J2) . 

Bit 5 is used by a Long Path Control upon activation of a switch request Traffic can be 
switched in two directions around the ring (ie East and West). There are two potential routes 
25 by which the worker traffic can be re-connected, namely a short path and a long path. It is 
assumed that the shortest route will be in the same direction of transmission as the worker paths 
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trafQc and will therefore constitute the prefened protection route. In order to keep as much of 
the protection ring ftee of traffic as possible thrae is provided a means of telling the remote end 
to disable the bridging of traffic along the long path if traffic has been selected from the shorts 
route mstead. Table 2 describes the assignment of this bit 

5 



Bit 


Long Path Control 


1 


Enabled bridging of trafBc to the long path 


0 


Disable bridging of trafSc to the long pafli 



10 Table 2: APS Byte (bit 5) Long Path Control 

In the switch ardutectme Bit 6 is used to indicate whedier protection is 1 + 1 or 1:N and 
is assigned as indicated by Table 3. If the recdved switdi architecture bit indicates 1 + 1 then 
a 'protection ardbitecture mismatch' alarm is raised. 

15 



Bit 


Switch Architectuie Type 


1 


Provisioned for 1 mode 


0 


Provisioned fra- 1 + 1 mode 



20 Table 3: APS Byte (bit 6) Switch Architecture Type 



Hie rules by which the K3 byte is gmerated will now be discussed. 



Local SF and SD conditions, WTR and operator requests are evaluated on a priority basis 
25 within a node as indicated in Table L If local conditions of the same level are detected for 



different paths at the same time, the condition with the lowest path trace value takes priority. 
Of these evaluated requests, the one with the highest priority replaces the cunent local request 
The priorities of the local request and remote request received via the K3 byte are then evaluated 
again according to Table 1 (the received reverse request is not considered in the comparison). 

The transmitted K3 indicates: 

a) a reverse request if the received path trace matches a local woricer paths 
expected path trace and the remote request is of higgler priority. 

b) the local request in all other cases. 

The K3 byte is set only in the worker paths POH and is transferred onto the protection 
ring by control of the bridge. 

In order to effect the long path control the transmitted K3 bit 5 indicates: 

a) disable if the received path trace matdies that of a local worker paths 
and the direcd<Hi of receipt is the same as fliat of the worker path. 

b) enable in all other cases. 

The bridge around a break or fiault in a worker path can be controlled eithCT locally or 
remotely dq)ending upon the priority of the switch requests. If a local switoh request is of the 
hi^est priority Aen the designated woricer paAs traffic are bridged onto the protection path in 
both directions around the ring. 
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If the remote request is of higher priority and the received path trace value does not 
match any of the local worker paths then the bridge is released (ie the traffic is connected 
through the node from line to line). If however the path trace matches then the worker paths 
traffic arc bridged onto the protection ring to both the East and West. 

5 

Traffic ceases to be bridged to the long path upon receipt of K3 bit 5 indicating the 
disable request 

The selector is controlled by the received and expected Pafli Trace values on the 
10 protection ring. EacA worker path possessing the same expected path trace as the received value 
selects traffic &om the protection ring giving priority to the diret^on of Ae work^ paths traffic. 

Hie path trace is used to idmtify the paA that the any switch request is for and as such 
need not deviate finom currMit SDH standards. The only provision on this is that different path 
1 5 traces are allocated to both the transmit and receive direcdons in order to prevent the inadvertent 
looping back of traffic. In SDH flie CCITT standard for path and section trace is defined under 
G709 and G708 respectivdy. The Trace is a byte u^ to respectively transmit an access port 
identifier so that a rec^ving pent can verify its combined connection to the intended transtnitt^. 
The Trace signal has not previously beai used to initiate a traffic switching action. 

20 

Should the transmitted value of the path trace on the protection ring not match the 
received value for a catain period of time then a "path protection protocol failure' alarm is raised. 

In the quiescent state the protection ring is neither graerated nor terminated and as such 
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its payload is unpredictable. However it is a relatively simple task to ensure that it contains AIS 
when not m use and hence the choice of 11 1 1' for the lowest priority switch request 



Ref^nce will now be made to Figures 1 to 7 whidi illustrate an example of the 
5 switchingaction utilisingtheprotocol just described ova-aring of fourmd^ 1-4 wh^e 
a protection ring 7 is able to protect two indepradent worker paths, 5 and 6. 

In Figure 2 the working path 6 is broken in one direction only whilst the protection ring 
7 remains intact as it resides ma separate fibre. Traffic is fliercfore bridged in both directions 
10 around the protection ring 7 as iUustrated. Node 3 will set K3 to indicate 'SF and "Long Path 
Enable' which will be transfecced t<^her with the pafli trace onto the protection ring by virtue 
of die bridging ac^cm. Node3 will recognise that tiieswitdi request on Ae protection ring was 
generated by itself as the path trace will be ttie same as that which it is transmitting. 

15 In Rgure 3, Node 4 recognises the incoming path trace as being ttesanie as th^ 

value of its traninated traffic. Recognising the path trace from both sides of the ring it will 
assume that tfie direction of die working paths traffic is the prefaable route (ic crosses the least 
number of nodes) and select traffic fiom Aat direction. The K3 byte is set to indicate "RevCTse 
Request' and ^Long Path Disable'.as traffic has been successfully selected from the short path. 

20 The Bridge performs in both directions around the ring as commanded by the received K3 bit 
5. 

In Figure 4, Node 3 recognises the incoming path trace as being the same as the expected 
value of its dropped traffic and therefore selects traffic from the protection ring using die short 
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path. TUs causes die transmitted value of K3 bit 5 to be changed to 'disable* as the relevant path 
trace was received via that route. The bridging of traffic onto the long path is also disabled due 
to the received value of K3 bit 5, 

5 Hgure 5 shows that node 4 has disabled the bridge onto the long path due to the receipt 

of K3 bit S indicating a 'disable*, as can be seen the disabling of the bridge along the long path 
frees a portion of the ring off so that it can protect another path or cany low priority trafBc. 

Should the protection ring be subsequ^tly severed across the short path betwera 
1 0 nodes 3 and 4) then loog path bridging requests shall be transmitted by virtue of the failure to 
receive a valid path trace via the short route. 

On recovery of the failed path node 3 shall rater the "WTR* state and as sudi the bridge 
and selectors sbaH remain undianged unless a higher priority condition in the ring exists. 

15 

WhCT the WTR expires Node 3 sets K3 to "No Request'. TheFarradrecdvuigtheno 
reque^ will drop its bridge and release its selector. The mismatch of the path trace values will 
then cause node 5 to do likewise. 

20 Rgure 6 sho^ a situation whittle protection path carries low priority trafHc. TheK3 

byte is set to indicate 'Low priority traf&c' at its termination points whether at the ring or not 
A path trace is also assigned to it and as sudi multiple low priority traftic padis can be supported 
throughout the ring sunultaneously. 
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In Figure 7 working path 6 is broken in one direction only whilst the protection ring 7 
is left intact due to it residing in a separate fibre. Traffic is therefore bridged in both directions 
around the protection ring as illustrated Node 3 will set K3 to indicate 'SF and 'Long Path 
Biable' whidi will be transferred tog^er with the path trace onto the protection ring by virtue 
5 of the brid^g action. As die low priority path has a lower priority switch request and neither 
Node 1 nor 2 recognises the associated path trace the bridge is released and traffic connected 
strai^ through the relevant nodes. Thus in this way the low priority traffic is ovmidden and 
protection switdiing shall proceed in an identical manner to the example previously described. 

10 The presCTit invention can have the following advantages:- 

A1:N paA protection ardutectuie can be more easUy provided, wU(^ is advantageous 

over a 1 + 1 scheme in that it mates m( TO efficient use of a networks resources and does not 
^ ^ \-_iestrict fee number of nodes in a r ing. In the 1 + 1 case the maximum number of protected paths 
15 that can be supported in an ratire ring would be only 63 x N (assuming a 63 channel frame 

structure and where N represOTts the number of STM 1 s). Hms the larger the ring the fewer the 
( Y — number of paths that can be tenninated at each node. As the proposed 1 J4 scheme allows a 

single path to prefect a number of dif Egcotpattis distributed around the ring there is no limit to 

the number that can be terminated. 

20 

A1:N scteme also allows low priority traffic to be carried by the protection channel 
when unused - al + 1 sdieme carmot support this as the protection path must be permanaitly 
bridged. 
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The restriction on the number of nodes that a MS level self healmg ring can support by 
use of the section trace for channel identification is removed. 

The sdien^ requires fewer bits for any signalling mechanism as tfie means of channel 
identification is already provided by the Section/Path Trace. 

Altiiough the invention has been desoibed with refi^i^ce to a Path based protection 
arrangement, a Section based arrangement can also be constructed using the same principles. 



CLAIMS 
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1. A telecommunications network operating on the synchronous digital hierarchy (SDH) 
which comprises a plurality of interconnecting nodes, working channels being defined 
between respective pairs of nodes, one common protection channel serving a plurality 
of working channels such that in the evait of a fault on a working diannel traffic signals 
passing fiom a first node to a second node along that working charmel are switdied on 
to the protection channel, the first node being optative to transmit a channel trace signal 
along with the traffic signals whidh serves to identify the respective diannel, the second 
node being operative to monitor for the presence of a diannel trace signal on a protection 
diannd for wtddi it is Ae t^minating node and upon detection thereof to switch trafBc 
signals associated with that trace signal on the protecticHi diannel into the said second 
node for connection to an onward destination. 

2. A tdecommunication network according to claim 1 in which the channel trace signal is 
a section trace and/or path trace signal. 

3. A tyjf^ mnminicatio n n^woik according to daim 1 OT 2 in wfaidi the protection diaimd 
is in the form of a riiig-shq)ed bi-directional diannd, the first node being optative in 
tiie evOTt of a &ult, to initially transmit traffic signals in botfi directions around the ring, 
the second node being operative to monitor eadi direction of the chaimel and to select 
traffic signals ftom that direction corresponding to the direction of the working chaimel. 

4. A telecommunications network according to claim 3 in which the second node is 
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additionally operative to transmit a channel trace signal along said direction for receipt 
by the first node which is then operative to cease transmitting signals in the opposite way 
of said direction. 

A tdecommunications network according to any preceding daim whidi is operative, 
when die protection channel is not be used for protec^ve purposes, to route low priority 
traffic signals on the protection channel. 

A telecommunications n^ork substantially as described with refierence to any one of 
die accompanying drawings. 

In a telecommunications netwodc operating on the synchronous digital hi^archy (SDH) 
conqnising a plurality of intraronnected nodes, working diaxmels being defined betwera 
respective pairs of nodes, one common protection diannd being provided for a plurality 
of working diannels; a mediod of switching trafiQc signals onto die protection channel 
upon detection of a fault in a working channel at a first node conq)rising; transmitting 
a diannel trace signal onto the protection dianneU which trace signal serves to idratify 
die working diannel; i^n receipt at a second node of die trace signal on the protection 
channd for whidi it is the temiinating node, switching trafitic signals assodated with that 
trace signal into die second node for connection to an onward destination. 

A mediod of switdiing traffic signals in a tdecommunications network substantially as 
described with reference to any one of the drawings. 
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